Serotyping of clinical isolates is a widely used technique for epidemiologic study of group B streptococcal infections. However, serotyping cannot definitively determine epidemiologically related or unrelated isolates. We investigated the use of restriction endonuclease analysis (REA) with both conventional agarose gel electrophoresis (AGE) and pulsed-field gel electrophoresis (PFGE) Group B streptococci (GBS) remain one of the most significant causes of morbidity and mortality among peripartum women and their newborn infants, despite adequate treatment (4). GBS are major pathogens of neonatal sepsis and meningitis, particularly in premature and immunocompromised infants (4, 6). Vertical transmission of GBS from mother to infant is the most common mode of transmission, although other means of transmission have been described (10, 15) . Epidemiologic assessment of GBS has been limited by the lack of sensitive, reproducible, and discriminatory methods for comparing isolates. The current classification of streptococci by serotyping of group B clinical isolates is based on the serologic detection of group-and type-specific surface antigens. At present, this system can distinguish type Ia, Ib, II, III, IV, V, and VI group B streptococcal strains. In addition, detection of surface-localized antigens (c, X, and R) allows further serologic classification (5, 7). Protein antigen c contains two antigenic components, the trypsin-resistant ao component and the trypsin-susceptible ,B component (5), which can also be detected by serologic techniques. However, in many cases, serotyping of GBS cannot definitively determine epidemiologically related or unrelated isolates, and the low sensitivity of this technique does not allow detection of genetic relatedness or diversity among isolates within a specific serotype. Clearly, a more discriminatory typing system for GBS is needed.
II/cV, 1/f, II/a+ 3, and II/R4 isolates, we found 11 (4) . GBS are major pathogens of neonatal sepsis and meningitis, particularly in premature and immunocompromised infants (4, 6) . Vertical transmission of GBS from mother to infant is the most common mode of transmission, although other means of transmission have been described (10, 15) . Epidemiologic assessment of GBS has been limited by the lack of sensitive, reproducible, and discriminatory methods for comparing isolates. The current classification of streptococci by serotyping of group B clinical isolates is based on the serologic detection of group-and type-specific surface antigens. At present, this system can distinguish type Ia, Ib, II, III, IV, V, and VI group B streptococcal strains. In addition, detection of surface-localized antigens (c, X, and R) allows further serologic classification (5, 7) . Protein antigen c contains two antigenic components, the trypsin-resistant ao component and the trypsin-susceptible ,B component (5) , which can also be detected by serologic techniques. However, in many cases, serotyping of GBS cannot definitively determine epidemiologically related or unrelated isolates, and the low sensitivity of this technique does not allow detection of genetic relatedness or diversity among isolates within a specific serotype. Clearly, a more discriminatory typing system for GBS is needed.
We investigated the use of restriction enzyme analysis (REA) with both conventional agarose gel electrophoresis (AGE) and pulsed-field gel electrophoresis (PFGE) in several isolates of the major serotypes of GBS to examine the potential application of these approaches for epidemiologic * Corresponding author. and strain characterization of GBS. To our knowledge, this is the first study in which a large variety of GBS serotypes, with and without the unique protein antigen markers, have been studied by both routine REA Serotyping. Streptococcal strains were serogrouped by the Lancefield method and serotyped for capsular type polysaccharides and surface protein antigens by methods we have described previously (7, 9) . The a and 0i components of the surface localized c protein of GBS are indicated for strains possessing these antigenic constituents (4, 13, 14) , and the surface-localized Rl and R4 antigens are indicated for representative strains (7) . Preparation of genomic DNA. (i) Chromosomal DNA for conventional AGE. Purified chromosomal DNA for use in the conventional electrophoresis was prepared as described previously (2) . GBS isolates were grown overnight in 50 ml of Luria-Bertani broth at 35°C. On the next day, 10 ml of the overnight culture was centrifuged (1, (ii) Chromosomal DNA for PFGE. Chromosomal DNA for PFGE was obtained by modifications of previously described methods (8, 11) . GBS isolates were grown overnight in Todd-Hewitt broth containing 0.5% glycine. The cells were pelleted and washed two times with 300 ,ul of TEglucose (100 mM Tris [pH 7.6], 10 mM EDTA, 25% glucose). After that, one-fourth of the pellet was added to 0.3 ml of 1.5% low-melting-point agarose (Bethesda Research Laboratories, Inc., Gaithersburg, Md.), which had been heated and cooled to about 40°C, and the mixture was pipetted into plug molds. The molds were placed in 3 ml of lysis buffer (10 mM Tris [pH 7.6], 1.0 M NaCl, 0.5% Sarkosyl, 10 mg of lysozyme, 500 U of mutanolysin) and were incubated overnight at 37°C with gentle shaking. This solution was replaced with 3 ml of fresh solution (0.5 M EDTA [pH 7.6], 0.5% Sarkosyl, proteinase K [final concentration, 1.3 mg/ml]) and was incubated overnight at 37°C; this was followed by 24 h of incubation at 48°C. The plugs were then washed six times in 20 ml of TE buffer (pH 7.6) (10 mM Tris, 1 mM EDTA) for 30 min and then stored at 4°C in 1 ml of 0.5 M EDTA (pH 7.6). When the restriction enzyme digestion was performed, the agarose plugs were cut into four or five slices. The slices to be used were washed separately two times in 20 ml of TE buffer for 30 min each time; this was followed by two 30-min washes in distilled water.
Restriction enzyme digestion and electrophoresis. (Fig. 2A, lanes 2 to 5) . HaeIII digestion, but not HindIlI digestion, allowed differentiation between isolates from serotype II/,B (Fig. 2B, lanes 7 to 10) REA patterns among the four isolates from serotype III/R4 (Fig. 4 , lanes 6 to 9) as well as among eight isolates from serotype III (data not shown).
To evaluate whether there was homology or diversity among GBS isolates carrying the R-protein antigen, we included in the present study four isolates from serotype II/R4 and four from serotype IIIIR4 in one gel and included four other isolates from different serotypes but carrying the Rl protein in another gel. We found a high level of heterogeneity of genomic DNAs among these isolates by the three REA methods used in the present study. Figure 5 exhibits the results of PFGE of digested DNAs In conclusion, we found that HindIII digestion of GBS DNA by conventional electrophoresis provided good discrimination, and all strains were susceptible to testing by this technique. HaeIII digestion had better discriminatory power for strains having a+ components of the c protein antigen, and in some cases, it produced a fewer number of highmolecular-weight restriction fragments, making the visual discrimination of the REA patterns somewhat easier. The major disadvantage of using HaeIII was the large number of isolates (11 of 50) that could not be digested by this enzyme. In most instances, double enzyme digestion did not help to discriminate further among the strains tested. PFGE of DNA digested by the infrequently cutting enzyme SmaI gave the highest number of REA patterns, suggesting a greater discriminatory power. With PFGE, the electrophoretic profiles were simple, reproducible, and easy to read with the naked eye. However, PFGE is techniquely cumbersome, some isolates needed to be retested several times, and the results were available in 6 to 8 days (by the method used in the present study) instead of 2 days, as is the case with conventional AGE.
Although other investigators have used REA for epidemiologic purposes (1, 2) , the large number of strains of different GBS serotypes included in the comprehensive study de- scribed here allowed us to demonstrate the high degree of genetic heterogeneity of the GBS strains not only among the different polysaccharide-specific serotypes but within the same serotype as well. In addition, strains carrying similar protein antigenic markers but belonging to different serotypes showed this heterogeneity.
In summary, REA of GBS was a more sensitive and discriminatory technique than serotyping for evaluation of genetic relatedness of strains within a serotype or from different serotypes. REA by conventional AGE and/or PFGE was an excellent tool for distinguishing isolates and has potential value in molecular epidemiologic studies of infections caused by GBS strains possessing various virulence markers (5, 13, 14) .
